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Abstract— variable geometry turbochargers (VGT) are used 

in almost 85% of cars available in European market. There is 

always some restriction to the volumetric efficiency of any 

internal combustion engine. Thus the purpose behind the 

study of variable geometry turbocharger is to overcome this 

fundamental drawback. If VGT is used in the IC engine, it 

would help to boost the engine on expense of the power which 

is going to be lost in the exhaust. Thus by using VGT, 

according to the amount of exhaust available at  different 

engine speeds, it will adjust the AR ratio and constantly boost 

the engine, which increases the expansion ratio, Output 

Torque, power output and to get the increased results on an 

Internal combustion Engine. 
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I. INTRODUCTION 

After around 100 years of development, we encounter the 

turbocharger in virtually every Diesel engine and now it is 

rapidly increasing number of gasoline engines also. Turbo 

charging of the passenger car internal combustion engines by 

turbochargers is an integral part of most approaches for 

meeting the future requirements with respect to fuel 

efficiency and emission quality.  

Purpose of the turbocharger is to boost the engine 

output. By forcing more air to flow into the engine through 

the turbocharger’s compressor, more amount of fuel can be 

injected into the engine combustion chamber. Thus it 

increases the engine output. Also, using a turbocharger makes 

an engine green i.e ecofriendly in nature. The turbocharger 

endorses efficiency of the engine by using the energy 

contained in the exhaust gasses which are at high pressure and 

temperature, which helps to drive the compressor. Another 

green advantage is that it features the use of a smaller sized 

engine and more efficient engine delivering the same level of 

performance as of the large sized engine. Thus it improves 

weight to fuel ration of vehicle. The Variable Geometry 

Turbochargers (VGTs) are a family of turbochargers, which 

are designed to allow the effective aspect ratio of the turbo to 

be change as condition changes. The A: R ratio has to be 

reformed because required optimum aspect ratio at low 

engine speeds is very different from that at high engine 

speeds. If the A: R ratio is too high, the turbo will fail to create 

boost at low speeds. On the other hand, if the aspect ratio is 

too small, the turbo will choke the engine at high speeds, 

which will lead to high exhaust manifold pressures, high 

pumping losses, and ultimately lower output power. By 

altering the geometry of the turbine housing as the engine 

accelerates, the turbocharger's aspect ratio can be maintained 

at its optimum level. Due to this, VGTs have a minimal 

amount of lag called as the turbo lag. Thus the variable 

geometry turbochargers have a low boost onset are very 

efficient at the higher engine speeds. VGTs are free from 

waste gate. VGTs tend to be much more common on diesel 

engines as the lower exhaust temperatures indicates they are 

less prone to failure, compared to the gasoline engines. The 

few early gasoline engine VGTs required significant pre-

charge cooling to extend the turbocharger life to reasonable 

levels, but advancement in material technology has enhanced 

their resistance to the high temperatures of the gasoline 

engine exhaust and they have started to appear progressively 

in, e.g., the gasoline engined sports cars. Incessant 

development is ongoing in this field for the improvement of 

the fuel efficiency. 

II. HISTORY 

In 1927, Swiss Engineer Alfred Büchi was granted the first 

patent for exhaust driven Turbo-Supercharging or 

Turbocharger, with a power increase of over 40%. In 1938, 

The Swiss Company, Saurer fetched the first turbocharged 

commercial diesel engine in the market. In 1950s, the concept 

of using a variable geometry turbine was discovered.  

In 1952, Garrett (Honeywell) & Schwitzer 

(BrogWarner) begin Turbocharger production for Caterpillar 

& Mack Truck. In the year 1962 & 1963 in USA, General 

Motors Chevrolet Corvair Monza and the Oldsmobile Jetfire 

Turbo- Rocket V8 was the first ever production car equipped 

with exhaust turbocharger. Because of the high compression 

ratio (CR) of about 10.25:1 tilted the engine very easy for 

self- ignition (knocking), thus Oldsmobile led to install a 

water injection system. The 70's acquired the turbo engine 

with the preface of high popularity of the turbocharger in 

Formula 1 racing cars. After this, could the engine power 

could increase to ~ 1500 HP, which is almost triple the current 

output available. 

In the 70’s, they started series production for the 

turbocharged gasoline engines in the Europe. Actually, the 

first manufacturer in Germany, BMW brought the ‘2002 

turbo’ in the market in 1973 with high engine power, but high 

fuel consumption which was coupled with a low reliability 

has brought this era of fast. In 1979, there was 

commencement of downsized Turbo Era with Ford Mustang 

2.3-liter, 4 cylinder engine. Chrysler & GM also competed 

with the Turbo Models. In 1980, BorgWarner and IHI Japan 

formed Joint Venture named as Warner-Ishi. MHI of Japan 

started development for US. In 1997, Brog Warner purchased 

majority of shares of AG Kühnle, Kopp & Kausch from 

Penske Corporation. In 1999, Kuhlman Corporation, parent 

of Schwitzer was acquired by BorgWarner and became part 

of BrogWarner Turbo Systems. In 2008, Bosch-Mahle & 

Continental Turbo System started the enlargement. 

In 1990s, after the turbo attraction in the early years 

is altering the turbocharger from the power unit to a small 

helper. It is helping us in carbon dioxide (CO2) fall and thus 

saving the environment. In the recent years, again 

strengthened gasoline engines with exhaust turbocharger in 

series are on the market.  
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III. TURBOCHARGER PARTS AND FUNCTIONS 

A turbocharger basically consists of two fundamental 

components, a turbine and a compressor. The function of the 

turbine is to scavenge the waste exhaust heat and to translate 

it into rotational motion. The turbine is connected to the shaft, 

which is then connected to the compressor. Thus the 

rotational energy is transferred to the compressor, which 

compresses air coming from the intake manifold of the 

engine. The purpose behind the turbocharger is to overcome 

the fundamental drawback of the internal combustion engine, 

i.e. its volumetric efficiency limit. An engine which is 

drawing air in from the atmosphere can only reach a 

volumetric efficiency of up to 100%, means that the pressure 

inside an individual combustion cylinder is equal to 

atmospheric pressure while the intake cycle is taking place. 

As the quantity of power that can be extracted from an engine 

is proportional to the fuel that it burns, and the fuel 

consumption is limited by the quantity of air present in a 

cylinder, times the number of cylinders, the volumetric 

efficiency limit effectively limits the power of the engine. To 

make an engine more powerful, its displacement must be 

increased. 

Between the turbine and the compressor, there is 

Center Housing/Rotating Assembly (CHRA). It is one of the 

most important part of any turbocharger assembly. Its 

function is to support and lubricate the turbocharger’s 

bearings. Seals are provided to keep the intake air and the 

exhaust gases out of the CHRA section. Turbocharger 

consists of the compressor housing and the turbine housing. 

It provides the path for the flow of intake air and the exhaust 

gases though turbocharger respectively. The intercooler is 

also present which helps to remove the heat from the intake 

charge that has been created by the compressor section. The 

Bearing housing consists of the journal bearing and the thrust 

bearing. 

 
Fig. 1: Components of Variable Geometry Turbocharger [2] 

IV. THE DRAWBACK OF TRADITIONAL TURBOCHARGER 

The turbines driving turbochargers are described by two main 

parameters: A/R ratio and the turbine radius. The aspect ratio 

is the ratio of the area of the exhaust gas passage to the radius 

from the center of the turbine wheel to the point defining the 

center of that area. Turbochargers are designed such that the 

A/R ratio is always a constant: as the exhaust gasses are 

directed closer towards the turbine wheel, the area the gas 

flows through gets smaller. When the exhaust passes through 

the smaller area, it produces a higher velocity stream; a higher 

velocity stream imparts more power to the turbine wheel. 

Therefore it is clear that, when the A/R ratio is low, the 

turbine can drive the compressor at a higher speed which 

produces a greater pressure within the engine. Unfortunately, 

as the velocity of gas increases, the exhaust gas pressure also 

increases. For the same exhaust flow rate from the engine, the 

larger A/R will build up less pressure compared to the smaller 

A/R. When designing a real-world system, both of these 

factors are very important. Using the turbochargers,  an  

engine designer would have to compromise for high exhaust 

flow to drive the compressor against the low back pressure 

created in the exhaust system, which adversely affect the 

engine efficiency, and in extreme cases, drastically  reduces  

the amount of power that can be gained from an engine. 

 
Fig. 2: Effect of A/R ratio on exhaust flow speed and flow 

capacity.[2] 

Hence there is a difference optimum aspect ratio of 

nozzle at different conditions. It means that there is small 

range within which the turbocharger can operate effectively 

in the system. Effectively Due to this relationship between 

A/R ratio and exhaust flow, unfortunately, a designer must 

choose between having a quick onset of power or a slow onset 

of power. 

V. NEEDS OF VARIABLE GEOMETRY TURBOCHARGER 

In improving the power of the engines, the application of 

Conventional turbochargers could realize only a limited 

improvement because it is effective in a narrow flow range of 

operation. Indicting effect of turbocharger is too poor in a low 

flow range below the matching point to realize a high power 

output at a low engine speed region. For boosting high speed 

Diesel engines, the waste gated turbochargers that bypass 

some fraction of an exhaust gas are normally used. But, 

recently, VGT is increasingly used in High speed direct 

ignition (HSDI) Diesel engines, which raise the boost 

pressure even at lower rpm of engine, along with the 

reduction of pumping losses at higher engine speeds 

compared to a waste gated turbocharger. In this trial, a 

Variable Geometry Turbocharger was applied to an High 

speed Diesel engine, and the enhancement of a full load 

performance over the case with a mechanically controlled 

waste gated turbocharger is obtained. The test engine is a 

prototype of 2.5 liter direct injection Diesel engine, equipped 

with a common rail fuel injection (CRDI) system with a 

maximum rail pressure of 1350 bar and 4 valves per cylinder. 

The VGT tested for this trial was a Variable Nozzle Turbine 

type, in which the vane angle of the turbine nozzle can be 

varied. 
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VI. OPERATION OF VARIABLE GEOMETRY TURBOCHARGER 

Variable Geometry Turbochargers are also named as Variable 

Nozzle Turbine (VNT). A turbocharger equipped with 

Variable Turbine Geometry has small movable vanes pivoted 

on the supporting ring, which can direct exhaust flow gases 

from exhaust to the turbine blades. The vane angles of VNT 

are adjusted with the help of an actuator. VGT can be 

equipped hydraulic or pneumatic or mechanically operated. 

The angle of the vanes varies throughout the engine RPM 

range to optimize performance of the turbine. 

 
Fig. 3.1: Cut-section of Variable Geometry Turbocharger 

(when the vanes are almost closed). [2] 

 
Fig. 3.2: 3D Cut-section of Variable Geometry 

Turbocharger (when the vanes are almost closed).[2] 

In the 3D illustration above, you can see that the 

vanes are at an angle which is almost closed. The variable 

Vanes are highlighted so as to understand the difference 

between the two conditions. For low engine speeds, this 

position is optimum. In this cut through diagram, you can see 

that the direction of exhaust flow when the variable vanes are 

having very small or almost closed angle. Thus the exhaust 

gas flows through the narrow passage, which accelerates 

towards the blades of the turbine. Therefore, the turbine 

rotates faster. The angle of the vanes is adjusted in such a way 

the gas to hit the blades at the accurate angle. 

 
Fig. 4.1: Cut-section of Variable Geometry Turbocharger 

(when the vanes are fully open).[2] 

 
Fig. 4.2: 3D Cut-section of Variable Geometry 

Turbocharger (when the vanes are fully open).[2] 

When the vanes of VNT are fully open, the exhaust 

flows through them is as shown in the cut-through diagram 

above fig.4.2. When the engine is at maximum rpm, the 

exhaust is also high. Therefore, to take the total advantage of 

this high exhaust flow, the vanes are fully opened. This also 

helps to release the exhaust pressure that is generated in the 

turbocharger, which saves the need of waste gate. 

VII. BENEFITS OF VGT 

Instead of the fixed geometry turbine in the turbocharger, the 

variable geometry turbine can be used. The advantages of the 

variable geometry turbines over the waste gated turbines are: 

 High air–fuel (AF) ratio and high peak torque at low 

engine speeds. 

 No throttling loss of the waste gate valve, as the waste 

gate is not required. 

 Upgrading in acceleration of the vehicle without the need 

to resort to turbines with the high pumping loss at high 

engine speeds, because of the variable geometry turbine. 

 Impending for lower engine ΔP (the difference between 

the exhaust manifold pressure and intake manifold 

pressure). 

 Governor over engine ΔP that can be used to drive 

Exhaust  Gas Recirculation (EGR) flow in diesel engines 

with High Pressure Loop (HPL) EGR systems. 

 Ability to cover a wider region of low Brake Specific 

Fuel Consumption in the engine speed–load domain. 

 Ability to provide engine braking. 

 Ability to increase the exhaust temperature for after 

treatment system management. 

VIII. CONCLUSIONS 

By using   Variable Geometry Turbochargers, it is possible to 

I   increase the charge air mass by about 10% to 20 % at a low 

speed range.  This results in, the reduction in exhaust smoke 

and the fuel consumption is improved with the same fuel 

delivery and start timing of injection. At low engine speed, 

over 40 % of additional torque increase can be observed 

within the same exhaust smoke, the exhaust gas temperature 

limit, and the cylinder pressure by regulating the boost 

pressure and fuel delivery with the VGT. In the medium 

engine speed range, there is a small increase in the fuel 

consumption for the Variable Geometry Turbocharger, with 

the same fuel delivery. When the boost pressure is increased 

and also the fuel delivery is increased, more torque can be 

obtained with the expense of the deterioration in fuel 

consumption. This is because the injection timing should be 

retarded so not to exceed the maximum cylinder Pressure 

limit. At high engine speed, with the same fuel delivery, the 
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rated power can be enhanced by almost 3.5 %, mainly 

because of the decrease in pumping loss. In this way, within 

the same boundary conditions, the power output of the 

Variable geometry Turbocharger could reach about 7.9 % 
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